Osmotic adjustment, defined as a lowering of osmotic potential (*In) due to net solute accumulation in response to water stress, has been considered to be a beneficial drought tolerance mechanism in some crop species. The objective of this experiment was to determine the relative contribution of passive versus active mechanisms involved in diurnal 'II changes Loss of water from turgid leaf tissue in response to transpiration results in not only a significant decline in 'I',' but also a decline in 'In, to a lesser extent. As the leaf tissue 'I,, declines even more in response to soil water deficits, 'I' declines accordingly as reported in a large number of crop species (2, (13) (14) (15) (16) 19) . A decline in measured 'I' can result from a simple passive concentration of solutes due to dehydration or due to net solute accumulation. The lowering of 'n by net solute accumulation is termed OA. OA has been considered a beneficial drought tolerance mechanism in some 'Abbreviations: I', water potential (MPa); 'n, osmotic potential (MPa); Ip, turgor potential (MPa); In°"°, 'n at full hydration (MPa); RWC, relative water content (%); OA, osmotic adjustment (MPa); E, modulus of elasticity (MPa); TW, turgid weight (g); DW, dry weight (g); WC, water content (g).
pascal) of the change during grain filling in water-stressed leaves. The relative contribution of changes in nonosmotic volume (decreased turgid weight/dry weight) to diumal A*I' was less than 8% at either growth stages. Water stress did not affect leaf tissue elasticity or partitioning of water between the symplasm and apoplasm.
Loss of water from turgid leaf tissue in response to transpiration results in not only a significant decline in 'I',' but also a decline in 'In, to a lesser extent. As the leaf tissue 'I,, declines even more in response to soil water deficits, 'I' declines accordingly as reported in a large number of crop species (2, (13) (14) (15) (16) 19) . A decline in measured 'I' can result from a simple passive concentration of solutes due to dehydration or due to net solute accumulation. The lowering of 'n by net solute accumulation is termed OA. OA has been considered a beneficial drought tolerance mechanism in some 'Abbreviations: I', water potential (MPa); 'n, osmotic potential (MPa); Ip, turgor potential (MPa); In°"°, 'n at full hydration (MPa); RWC, relative water content (%); OA, osmotic adjustment (MPa); E, modulus of elasticity (MPa); TW, turgid weight (g); DW, dry weight (g); WC, water content (g).
field crop species (6, 9, 20, 22) . Processes such as cell expansion are dependent on the influx of water driven by the maintenance of lower T' by net solute increase in the expanding cell. The lowering of Tr, by OA also minimizes the opportunity for significant water loss to occur from leaftissue.
Passive concentration of solutes due to dehydration can arise from a decrease in WC per unit DW, reduced leaf tissue volume due to cellular shrinkage, change in leaf tissue elasticity, or relative partitioning of water between the symplastic and apoplastic fractions. In at full hydration (100% RWC) was calculated using the following formula by Wilson et al. (21) :
where B is the apoplastic water fraction. Diurnal changes in *I' (AIn) and ''n°'°(A'nI°°) were calculated as the difference in In and In'°°between dawn (dn) and the various sampling times during the day (dy).
The contribution of dehydration to change in Tn (T*j) was calculated using the following formula: *IId = A*n -A*nI11° ( 4) Solute concentration resulting from changes in nonosmotic volume due to insoluble polymer accumulation at full hydration (td) was estimated from changes in the TW/DW ratio between dawn (dn) and various times during the day (dy). The contribution of net solute accumulation (4nfel) to change in Tn was calculated as: qfnet = -pn10 -A td (6) The bulk volumetric e was calculated using the following formula:
where (1, 3, 18) . 'I's declined to a minimum of -1.2 MPa ('In = -1.6 MPa) in the well-watered treatment and to -1.9 MPa ('n = -2.2 MPa) in the stressed treatment before flowering. During grain filling, the minimum TI' was -1.5 MPa ('I' = -1.9 MPa) for well-watered and -2.5 MPa ('n = -2.8 MPa) for the stressed treatment. The magnitude of diurnal change in 'tI' was greater in the stressed treatment than the well-watered treatment. The stressed treatment also had a greater diurnal change in both 'n and *I', during grain filling than the preflowering growth stage.
The diurnal trend in RWC was similar to that of '' and 'I' (Fig. 2) . Before flowering, the minimum RWC was 85% for well-watered and 82% for the stressed treatment. After flowering, the minimum RWC was 77% for well-watered and 70% for the stressed treatment. The relationship between T'I and RWC was altered because of water stress. This is evident from the pressure-volume curve shown in Figure 3 . At comparable RWC, the stressed treatment developed a lower 'K than the well-watered treatment. The relationship of RWC with 'n indicates that the stressed treatment had a lower '' at 100% RWC than the well-watered treatment (data not shown). This suggests net solute accumulation in the stressed treatment.
The relationship of 'I and 'I'l with 'K for different growth stages are depicted in Figure 4 . At both growth stages *I' and *r,°declined with decreased 'K. The difference in slope between In (not corrected for dehydration) and *Inl°i ndicates the extent of the dehydration effect on 'I changes.
The fact that kn°declined indicates that the solute concentration increased because of mechanisms other than dehydration. The occurrence and the extent of OA due to net solute accumulation can only be established after partitioning and removing the effects of passive concentration due to dehydration and changes in nonosmotic volume (decreased TW/DW ratio) from the total diurnal A4I'1. The diurnal changes in 'n due to dehydration, net solute accumulation, and change in TW/DW were partitioned by the methods described (Eqs. 2-6) and depicted in Figure 5 . Before flowering, the diurnal A'K, was 0.53 MPa for well-watered and 1.1 MPa for the water-stressed leaves. During grain filling, diurnal A'In was 0.70 MPa for well-watered and 1.4 MPa for the stressed treatment. Within both growth stages and across all water supply treatments, dehydration and net solute accumulation were the major mechanisms involved in diurnal A*n. The change in 'n due to changes in nonosmotic volume was minimal, as expected for C4 leaves that do not store appreciable quantities of starch during the day. Before flowering, dehydration accounted for 45% (0.24 MPa) of the diurnal A'nI under well-watered conditions and 50% (0.55 MPa) of the change in water-stressed leaves (Fig.  5) . During grain filling, dehydration was responsible for 63% (0.44 MPa) ofthe diurnal A',, under well-watered conditions and 47% (0.66 MPa) of the change in the stressed treatment. The contribution of dehydration to diurnal A'I' was 18% greater during grain filling than during the preflowering growth stage under well-watered conditions. No significant difference was observed in the relative contribution of dehydration to diurnal AI,, between the two growth stages in water-stressed leaves.
The observed diurnal AIl,, due to dehydration (Fig. 5) can occur because of a decrease in tissue volume, change in leaf tissue elasticity, or partitioning of water between the apoplast and symplast. At both growth stages, tissue volume decreased (indicated by WC/DW) with decreased RWC as shown in Figure 6 . This indicates passive concentration of solutes as cellular volume decreases due to dehydration. The relationship of e with T'I' for both pre-and postflowering growth stages is depicted in Figure 7 . At both growth stages and water supply levels, e remained essentially constant as '' decreased. This indicates that water stress did not change the elastic properties of the leaf tissue. The fact that water stress did not change the elastic properties of the leaf tissue does not mean that cellular shrinkage due to water loss did not occur, but it suggests that the rate of cellular shrinkage per unit water loss with a greater apoplast water fraction exhibits a more rapid concentration of solutes as RWC decreases (7, 17) . Water stress did not significantly (P < 0.05) affect the RWC between the symplast and apoplast (Fig. 3) , suggesting that the ratio of cell wall volume to cell volume was not significantly altered by water stress. The apoplastic water fraction was 13% for well-watered and 15% for stressed treatments. Therefore, the relative partitioning of water in the symplastic and apoplastic fraction did not contribute to the observed diurnal AIn. Flower et al. (8) also found no significant differences in apoplastic water fraction between well-watered and stressed sorghum leaves. Because water stress did not affect leaf issue elasticity or partitioning of water fraction between symplast and apoplast, the observed diurnal AIn due to dehydration was mainly the result of decreased cellular volume (decreased WC/DW ratio). Jones and Turner (12) and Fereres et al. (7) indicated that leaf tissue elasticity is not associated with change in 'n in sorghum.
The relative contribution of changes in nonosmotic volume as indicated by changes in TW/DW ratio to diurnal A*,, was <8% at both growth stages and water supply treatments (Fig.   5 ). The decrease in TW/DW with decreased 'I', (Fig. 8) indicates a decrease in the osmotic volume, which resulted in passive concentration of solutes at full hydration. Because the contribution of soluble sugars to the DW of sorghum leaves is minimal (17) and structural changes do not occur diurnally, we assume that the observed decrease in TW/DW could be due to increased insoluble polymers. The most logical insoluble polymer to accumulate diurnally is starch. However, sorghum being a C4 plant, large accumulations of starch are unlikely in comparison with C3 plants such as cotton (2) .
The observed decrease in *I'°°with decreased I' (Fig. 4 (10) .
The various possible mechanisms of diurnal Tn changes in sorghum leaves in response to water stress have been examined. Results from this study indicated that reduced cellular volume associated with dehydration and net solute accumulation are the mechanisms involved in diurnal changes in *'n in sorghum. The relative contribution of changes in nonosmotic volume (decreased TW/DW) to change in TI, was minimal. Water stress did not affect leaf tissue elasticity or partitioning of water between the symplasm and apoplasm. The results from this study indicate that active diurnal OA in response to water stress occurred in sorghum leaves but represented <50% of the total change in tIn.
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